Key requirements for heat transfer systems design of thermoelectric generator modules with ring geometry semiconductor batteries are given in this article. It is established that a maximum value of extreme heat flux of the heat transfer system is determined by two factors: crisis phenomena and extreme volumetric steam content.
INTRODUCTION
Thermoelectric generator module (TEGM) is the main structural element of an autonomous thermoelectric current source (ATCS). TEGM is designed to provide direct conversion of thermal energy into electrical energy through burning natural gas [1] .
Conceptually, the most rational heat transfer system of TEGM is a gravitational heat pipe-thermosyphon. On a basis of such system, both thermoelectric batteries (TB) heat supply system (heating system) to and a heat removal system (cooling system) [2] can be implemented.
The operation principle of a thermosyphon as part of a TEGM is schematically represented in Figure 1 on the example of a heating system (HS). A number of _____________ key requirements are set to the main elements of the TEGM heat transfer system, described below.
The heat receiver of the evaporation zone of a thermosyphon is designed to warm the heat transfer fluid with combustion products coming from the burner. The heat receiver must:
-warm the heat transfer fluid in thermosyphon effectively, i.e. to provide a low temperature of the combustion products at an outlet of the heat receiver chamber;
-prevent local overheating of the heat transfer fluid; -have a system that removes combustion products from the heat receiver chamber. The heat receiver together with the combustion products form a heat receiver chamber used to isolate the combustion products from the external environment. The heat receiver chamber should provide the most efficient heat exchange between the combustion products and the heat receiver.
A thermosyphon is a link that directly transfers heat to a block of TB. A region of heat transfer fluid flow in a thermosyphon can be divided into three subregions -an evaporation region, a transport region and a condensation region.
The evaporation region interacts with the heat receiver, which supplies heat from the burner. The heat transfer fluid boiling occurs in the evaporation region, and then vapors of fluid are transporting to the condensation region along the transport region. Due to the latent heat of vaporization, a small mass flow rate of heat transfer fluid vapor provides a significant amount of heat flow transfer.
Vapor changes its aggregation state to liquid in the condensation region and returns to the evaporation region under the action of capillary forces or gravity.
Basic requirements that must be set to a thermosyphon are: -to provide a uniform temperature field along the length of the condensation region;
-to provide easy start-up of a TEGM; -minimization of non-condensable gases production; -to provide stable operation of the thermosyphon in a control range of the TEGM.
The stability of the thermosyphon itself will determine the compliance of the heat transfer system with the requirements stated above. Based on theoretical and experimental studies [3] of the stability of a liquid and vapor countercurrent flow, five types of crisis phenomena of this type heat transfer systems can be distinguished. The corresponding calculation equations are given in Table I . In these ratios, Bo -is the Bond number, y 0 -is the film thickness, δ -is the capillary constant, Y -is the film thickness criterion, K p -is the pressure criterion allows the compressibility of a heat transfer fluid.
In addition to the crisis phenomena, another factor determining the performance of a thermosyphon is the extreme heat flux transmitted by thermosyphon [4, 5] . The basic equations that can be used for determination of extreme heat fluxes are considered below. During the analysis of optimization calculations of thermoelectric batteries of ring geometry, it was established that the area of TB maximum efficiency limits the maximum diameter of the thermosyphons HS at the range below 60 mm. Based on these geometric constraints, in accordance with relations (1) and (2), the region of extreme heat flow of the thermosyphons HS with water as heat transfer fluid was constructed. Relation (1) sets the lower limit of heat flows, and relation (2) sets the range of upper limits (Figure 2) .
It is necessary to associate the operating mode of the thermosyphon with the type of extreme heat flow. Usually, the mode of operation is associated with the structure of a two-phase system in a device cavity, depending on the relative amount of the liquid heat transfer fluid phase. In this case, there are two main modes: the mode of a flowing liquid film and the bubbling mode.
The dependence of the stability criteria of the vapor-liquid system for different heat flows supplied to the heat receiver, depending on the diameter of the thermosyphon, is shown in Figure 3 . Analysis of the obtained values showed that the extreme heat flux calculated by the formula (1) may be associated with the beginning of the first crisis of the heat transfer system in accordance with table 1. In the considered range of heat flows and diameters of thermosyphon other crises cannot be reached. The upper limit of the extreme heat fluxes, calculated from the relation (2), thus cannot be correlated with the achievement of another systems crisis. It was assumed that extreme heat flux might be associated with the regime of flow of the heat transfer fluid in the evaporator, or rather with the integral value of an extreme volumetric steam content.
The equation for determination of the volumetric steam content ̅ should be sufficiently universal, taking into account the speed of ascent of bubbles in both large and small diameter pipes and use the critical speed of movement of bubbles and droplets in liquid and gas media as a speed scale. The first requirement can be satisfied due to the magnitude of the interaction factor ψ. Taking into account the possible influence on the process of bubbling of liquid viscosity, the interaction factor ψ in the general case should have the form of a function depending on the Bond and Archimedes numbers [6, 7] .
On the basis of relation (3), the dependence of the volumetric steam content on the diameter of the thermosyphon was studied at different heat fluxes supplied to the system. 
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The results of the generalization of the study can be presented in the form of the dependence of the extreme volumetric steam content on the extreme heat flow, shown in Figure 4 . Thus, the upper limit of the extreme heat flux correlates with the volumetric steam content as a linear relationship. The linear growth of ̅ may be associated with the fact that increasing of the thermosyphon diameter leads the bubbling process to boil a large volume. 
CONCLUSION
According to the results of the analysis of parameters of the heat transfer system of TEGM based on ring geometry TB, the limiting heat fluxes of HS were obtained. The lower limit of the extreme heat flux may be associated with the achievement of the maximum thickness of the liquid film, the upper limit with the achievement of the extreme volumetric steam content in the evaporator of a thermosiphon. 
